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T he re-emergence of measles after its eradication from the USA (Bruni, 2015) , misunderstandings about the transmissibility of Ebola (Harvard School of Public Health, 2014) and the ongoing controversy about genetically modified foods shine a light once more on the failure of so many of our business institutions to explain their science effectively. Nor is this failure confined to the world of health and chemistry. The recent rash of cyber-attacks and the continuing suspicion of consumers about what companies are doing with their data is increasingly exacerbating the trust gap between citizens and what were once called learned intermediaries -bankers, lawyers, insurers, accountants, doctors and scientists (Perlroth, 2015) . As a result, there have also been numerous examples of changes in government health recommendations recently that are being roundly ignored. New doubts about the validity of regular prostate tests, colonoscopies, breast exams, even the weakening of longstanding warnings about salt and dietary fats are being rejected, all as part of a growing disconnect between what the experts are saying and what people believe (Perry, 2013) . The astonishing persistence of anti-vaccine activists in the face of amply documented evidence showing that there is no connection to autism suggests we have once again reached a strange moment in the history of society's relationship to science (Ropeik, 2015) .
Arguably, chemical, health care and technology companies have brought some of this public opprobrium on themselves. Whether one traces the public skepticism about chemistry and medical science as far back as the birth defects caused by Thalidomide, widely prescribed in Europe in the late 1950s for morning sickness, there have been periodic outbursts of public fear of scientific innovation in each of the last five decades. Some of these have led to regulations banning the use of certain medical drugs, processing chemicals and herbicides. In one case, the pesticide Atrazine was banned in Europe but not the USA. The continuing controversy about this chemical is only one example of many that are affected by alarming (alarmist?) news reports on a regular basis. In 2015, the US public has once again been treated to harrowing news articles about how Atrazine in ground water emasculates male frogs and turns them into hermaphrodites based on research from the 1990s (Hakim, 2015) .
On the information technology side, paranoia about data privacy and surveillance of individuals seems to breach new barriers every day. Over the course of three days in early 2015, for example, major US news media carried two reports that illustrate this trend. In the first, readers of The New York Times learned that new spyware had been developed that could break into the BIOS level of personal computers that run the entire machine. "What makes the latest discoveries so disconcerting," says Nicole Perlroth (2015) , the article's author: is that if a government or company can plant spyware in the lowest level of the machine, it can steal your passwords, serve up any web page, steal your encryption keys and control your entire digital experience without detection.
Another story, combining both biological and technological anxiety, describes a recent development in the use of DNA to track down criminals. Using sophisticated analytics, researchers are increasingly able to generate images of the human face based solely on DNA left at the scene of a crime. While these DNA-generated images are not yet accepted in a court of law, their accuracy will undoubtedly improve over time, like the traditional use of DNA, so that they will become a regular feature of crime solving (Pollack, 2015) . On a final note, we have the continuing threat of integrated data sets giving the companies we do business with unprecedented insight into our daily habits. The Wall Street Journal, which has been very vocal on the subject of data privacy, described a perhaps apocryphal case in which someone seeking health insurance was quoted exorbitant rates because the insurer's data analytics identified a recent purchase by the same person of an electric fryer, suggesting an unhealthy lifestyle.
At first blush, the emasculation of frogs and data privacy concerns would seem to exist in very distinct universes. I believe, however, that they represent different facets of a singular problem which is that the language of scientific communication and education has failed to keep up with advances in science. This has been true in many eras, of course, but if we are to successful navigate another period of significant scientific innovation, we need better tools to create credible messages about the benefits of these breakthroughs in a way that also calms the natural tendency of human beings to be fearful of their fellow human beings "playing at God". The challenge will only grow more acute as medical science pushes into nano-robotics and digitally gathered patient-generated data leads to new kinds of predictive analytics.
Unfortunately, the literature suggests that explaining good science to skeptical audiences in the context of controversial topics is easier said than done. A variety of studies indicate that human beings become neurologically invested in views that they already hold and actively resist attempts at direct persuasion. As Damasio (1994) points out in "Descartes' Error: Emotion, Reason and the Human Brain" our ability to reason is compromised by an emotional investment in conclusions already drawn. Studies show that when facts are used to change people's minds, the neural network linked to emotional processing lights up and fires back. By contrast, the area associated with reason, the dorso-lateral prefrontal cortex remains silent.
This set of cognitive biases creates distinct problems for corporations advocating for the safety of certain products or ingredients and for government agencies trying to argue anti-vaccine parents into having their children vaccinated. "Listen to the Science" demands a recent full page advertisement in the Wall Street Journal. "Experts Say [product x] is Safe". This approach has become the standard advocacy approach along with "Facts about" microsites, each extolling the necessity and safety of one or other chemical compound in current use. The data on the effectiveness of these frontal assaults on scientific error is at best mixed.
How then are organizations with new products and technologies going to be able to persuade the biased, fearful populace that their benefits outweigh the risks? The answer, I believe, lies in changing the narrative of science communication based on four key principles:
1. embrace the anxiety; 2. create heroes and villains; 3. tell individual stories; and 4. experiment.
Embrace the anxiety
Many of the newest scientific breakthroughs from nano-bots traveling through arteries to babies made from the DNA of three individuals are by their nature alarming.
Sometimes, as in the drilling technology known as fracking, the process itself seems intrinsically violent and violative. Failing to address these concerns, however ill-founded, sets up an almost impenetrable barrier to education and understanding. In "Dealing with an Angry Public", Susskind and Field (1994) point out that in too many situations, companies view people who oppose their science as irrational or angry. By treating the anxiety of opponents as a real and valid emotion, as primarily defensive rather than offensive, "we are more inclined to look for ways of easing people's pain." This empathy is a critical first step in establishing the basis for de-escalating what often become hardened ideological conflicts.
Create heroes and villains
In addition to demonstrating to opponents that we acknowledge their concerns and anxiety, we have laid the groundwork for a more robust conversation. Another way that scientists can do this is by casting the narrative in the form of a story with a hero and a villain. In the case of vaccine opponents, for example, we could cast the vaccinating parent as the hero for protecting herd immunity. The villain becomes the highly contagious measles seeking to subvert the hero's efforts to protect the tribe. Creating this kind of narrative works because research has shown that we engage our emotions to help explain the world, rather than using purely rational constructs (Sterpenich et al., 2006) . The hero/villain structure itself creates psychic rewards for the listener. Constructing a credible narrative on this basis enables us to circumvent other cognitive biases that work against changing someone's mind.
Tell individual stories
Scientists are pre-disposed to use statistics and verifiable evidence at scale to bolster and support their arguments. This is both a personality trait, one that inclined them to seek and enjoy scientific activity in the first place, but also a trained response that helps them do science well. Unfortunately, statistics and data sets are limited in their ability to bring doubters into the fold, particularly those who are anxious not about what has gone wrong but about what might go wrong. The way our primal neural circuits function means that we respond sympathetically to stories about individuals and small groups of people, such as families. When we can force people to put themselves into the heart and mind of an individual person who has been helped by a drug or whose crops (hence livelihood) have been protected by a pesticide, we are much more likely to get their attention and ultimately, perhaps, understanding (Green, 2012) .
The impact of individual stories is also immeasurably strengthened by the use of visual stimuli, such as pictures and video or film, as opposed to just text. This is because we engage at a much deeper level with visual (as well as aural) stimuli, part of our anthropological heritage as hunter gatherers under constant threat of extinction in the wild.
Experiment
Our fourth principle, which should be obvious on its face, is that simply repeating failed arguments made over years is an irrational response to the problem. We should always be trying new ways of stating our case as we probe for the sources of ignorance or disagreement. Fortunately, the worlds of social and digital media have given us an endless renewable test bed for our stories and messages. At very low cost, we can use social media platforms to test different arguments and variations on the core narrative until we find those messages and stories that resonate most effectively with the stakeholders we are trying to reach. Undoubtedly, some of our efforts will enrage our opponents even more but eventually it should be possible to create evidence-based visual storytelling that truly starts to make a difference.
We stand, as a society, at the threshold of enormous new breakthroughs in medicine, in information technology, communications and materials science. Some of these discoveries will inevitably stretch the boundaries of the comfortable known world. They will cause large numbers of people intense anxiety, even eliciting condemnation and perhaps rejection. If we could create emotionally credible stories about the benefits of these new technologies rather than relying on worn out models of persuasion, we could remove barriers to their adoption. Empathetic storytelling that addresses our deepest fears may yet be the key to a better world.
